Purpose-Previous studies suggest that hair products containing endocrine disrupting chemicals could alter puberty. We evaluated the association between childhood hair product use and age at menarche in a racially diverse study population.
Introduction
Hair products, some of which contain placenta, estrogen and endocrine disrupting chemicals (EDCs), such as mono-ethyl phthalate or methylparaben, are more commonly used by women and minorities [1] [2] . These products are often applied to hair and scalp and left on for a long duration of time [1] [2] [3] [4] [5] . While there is no evidence that exposure to chemicals in hair products impacts disease risk, a case series suggested that use of these hormonallyactive products accelerated pubertal development in children as young as 14 months old [4] . If these products can alter the onset of puberty, by being absorbed through the skin, they may also be able to accelerate the onset of menarche possibly through increased estrogenic activity of exogenous estrogens or certain EDCs. This acceleration could lead to an earlier age at menarche, a risk factor for breast cancer [6] [7] . Furthermore, frequency and length of time of the exposure to these products should be considered, as this may also impact age at menarche. Given these findings, we examined the association between childhood hair product use and age at menarche. We hypothesized that the use of hair products would be associated with earlier age at menarche, especially among women who used the products for an extended period of time during childhood.
Methods

Design
The Greater New York Hair Products Study was a cross-sectional pilot study designed to evaluate the patterns of current hair product use among four racial/ethnic groups of women. As part of the study interview, we asked women to recall their childhood use of hair products.
Study Subjects
A convenience sample of women was recruited from nail and hair salons, churches, workplaces, restaurants/cafes, and laundromats in [2004] [2005] . Locations were selected from the New York City telephone book and personal contacts. Women were eligible if they selfidentified as African-American (United States-born descendants of United States slaves), African-Caribbean (black and born in the Caribbean or descendants of people born in the Caribbean), Hispanic, or White. Participants had to speak English and be older than age 18. A total of 326 women participated in this study. Twenty-six women were excluded due to missing data. The total sample size that we analyzed was 300.
Data Collection
During the in-person interviews lasting 15-20 minutes, each participant was provided a hair products label book, which served as a memory aid based on previously conducted focus groups. The questionnaire, label book, and study protocol were approved by Columbia University's Institutional Review Board.
Childhood Hair Products-Study participants were asked about their use of several types of hair products prior to age 13, specifically: "Did you use hair oils, hair lotions, leavein conditioners, root stimulators, perms/relaxers, prescriptions, and any other types of hair products. (See Figure 1 for definitions). Responses were recorded as ever or never use. If participants reported ever use of a certain product type, they were asked about the brand name and duration of use of each product. We did not include root stimulators in the analysis, given that these products were not on the market during our study participants' childhood. Too few study participants used prescription products and were not included in this analysis. Data on the specific EDC content of the recalled hair products was not available.
Age at menarche-Participants responded to the question: "How old were you when you started your period?" Age at menarche was recorded in 0.5 year intervals. Age at menarche was divided at the median for this study population: <12 years versus =>12 years. In a secondary analysis, we also evaluated age at menarche as <11 years and >=12 years. Most literature suggests that the reliability of recall for age at menarche is moderate to high [8] [9] [10] [11] [12] [13] .
Statistical Methods
We constructed multivariable binomial regression models to calculate the risk ratio (RR) and 95% confidence intervals [14] . We evaluated the association between ever use of specific types of hair products during childhood and age at menarche. Each model contained only one type of hair product. To determine the independent association between hair product use and age at menarche, we evaluated decade of birth, race/ethnicity, recruitment site and location, and place of birth as potential confounders. Anthropometric and other childhood factors were not collected in this study. We included those variables that made a 10% change in the beta value for our hair product of interest. Our final model included race/ ethnicity and decade of birth.
We evaluated extended use of hair products and age at menarche, where extended use was defined as initiating use at least two years prior to the onset of menarche. We constructed multivariable models stratified by mean and extended duration of use for each product type.
As an additional analysis, we also used a stricter cut point for age at menarche (<11 years). All analyses were run using SAS v. 9.1 (Cary, NC). Table 1 describes the characteristics of the study population. Study participants ranged in age between 18 and 77 years. Age at menarche ranged from 8 to 19 years.
Results
Compared to women with information on race/ethnicity and childhood hair product use, women with missing data were more likely to be younger, recruited at a workplace, and born outside the U.S. Childhood hair product use significantly varied by race/ethnicity for each type of hair product (p<0.05). African-American and African-Caribbean women reported more hair product use during childhood compared to Hispanic and white women. For example, the majority of African-American and African-Caribbean women reported childhood hair oil use, 94% and 74%, respectively. Fewer Hispanic and white women reported use of hair oils during childhood (33% and 9%, respectively). Use of leave-in conditioners, lotions, perms, and other types of hair products was less prevalent.
While Hispanic women used hair perms for the longest duration, African-American and African-Caribbean women used all other hair products for the greatest period of time prior to age 13 years. However, only duration of hair oil use significantly varied by race/ethnicity (p=0.03).
In Table 2 , we present the main association between childhood hair product use and age at menarche. Only hair oil and perm use were significantly associated with age at menarche. Women who reported childhood hair oil use were 1.4 (95% CI: 1.1-1.7) times more likely to have an earlier age at menarche (<12 years) compared to girls who did not report using hair oils. This association remained similar (RR: 1.4 (95% CI: 1.1-1.9)), after adjusting for race/ ethnicity and decade of birth. The unadjusted and adjusted associations for hair perm use and age at menarche were similar (adjusted RR 1.4 (95% CI: 1.1-1.8). Use of hair lotion, leave-in conditioner, and other products were not associated with earlier age at menarche.
When restricting to women reporting initiating use of hair oils at least 2 years before menarche (n=84), the risk increased to 1.8 (95% CI: 1.2-3.0) for earlier age at menarche after full adjustment, when comparing hair oil users versus non-users. When restricting to women who did not report extended use of hair oils prior to menarche(n=54) compared to never using hair oils, hair oil use was not associated with age at menarche (data not shown).
Using the cut point of reaching menarche by <11 years of age in this restricted analysis, the association between hair oil use that was initiated at least 2 years before menarche and age at menarche became stronger with an adjusted RR: 5.3 (95% CI: 1.5-19.1). Few women reported use of hair perms (1%) for at least two years before menarche.
Conclusions
In this study, childhood use of hair oils was associated with earlier recalled age at menarche, independent of year of birth and race/ethnicity. Given the cross-sectional design of this study these findings could be due to reverse causation. However, when restricting to women who recalled initiating hair oil use for a prolonged period of at least 2 years prior to the onset of menarche, we found the association between hair oil use and early menarche to be stronger. Ever use of hair perms was also associated with an increased risk of earlier menarche. On the other hand, hair lotions, leave-in conditioners, and other types of products, were not associated with an early menarche.
The variation in these associations may reflect greater EDC or estrogen content in hair oils and perms compared to other types of products. For example, hair oils may contain more methylparaben or mono-ethyl phthalate, than other types of hair products. If these chemicals are more likely to alter menarche, then we may expect to see a stronger association between hair oil use and earlier age at menarche. Alternatively, use of hair oils and perms could be a surrogate for using other types of products containing EDCs, such as body lotions or nail polish. It is also possible that use of these products is a surrogate for other unmeasured environmental factors.
Given the racial/ethnic differences in hair product use, African-American and -Caribbean girls may be more likely to be exposed to estrogens or EDCs, such as phthalates and parabens contained in hair products [3] . Based on data from the National Health and Nutrition Examination Survey, African-American girls between 6-11 years of age have double the mono-ethyl phthalate levels compared to children of other racial/ethnic groups [15] . Interestingly, African-American girls are also more likely to reach menarche earlier than other racial/ethnic groups [16] [17] [18] . Exposure to EDCs from hair products may explain some of these variations in age at menarche.
Additionally, in adult studies phthalates have been shown to be associated with increased risk of obesity [19] [20] [21] . While this association is yet to be evaluated in children, larger body size is associated with earlier age at menarche [22] . Thus, increased body size or fatness may mediate the association between hair product use and age at menarche. While the present study does not have data on pre-pubertal body size, future studies may be able to examine the role of this potential mediator of the association between hair product use and earlier age at menarche.
Our study has several limitations that warrant consideration. First, we used a retrospective assessment of age at menarche. We did not have other measures of pubertal development. However, we restricted our analysis to girls who had initiated hair product use at least two years prior to the onset of menarche and found stronger associations between product use and age at menarche. We also did not have data on childhood body size, childhood socioeconomic status, and other important variables that may be related to age at menarche. We also used convenience sampling techniques, which could bias our study results. In addition, the current study did not have historic samples of hair products to test for estrogen or EDCs, such as phthalates or parabens. However, chemicals such as parabens have been added to cosmetic products for over 70 years [23] . Given our broad age range, the chemical composition of hair products may have changed over time. As such a prospective study would provide more definitive confirmation of our findings. Nevertheless, these results suggest that the use of certain types of hair products could impact age at menarche. Despite these limitations, this novel study contains the following strengths: 1) use of an extensive hair products study questionnaire and label book, which were informed by racially/ethnically diverse focus groups, 2) an assessment of the association between duration of hair product use and age at menarche, and 3) an evaluation of the research question in a racially/ethnically diverse study population, including both African-American and African Caribbean women who differed in prevalence of hair product use and age at menarche.
Future studies should evaluate this research question prospectively and test the chemical composition of hair products to ensure that the results are not due to information or selection bias. Further information is needed on the estrogenic activity of hair products, as well as alterations in circulating estrogen levels in pre-pubertal children who use these products.
These findings warrant further investigation to determine whether hair product use could be a modifiable risk factor for earlier age at menarche. 
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